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ABSTRACT 

\ 

Aa  part  of  a  ■truly  of  th<*  emission  from  nl-rogen  excited  by  an  elec¬ 
tron  beam,  cross  aectlona  for  electron  excitation  of  the  3914- i  (0,0) 
band  at  the  first  negative  syatem  vere  measured  for  electron  energies 
of  95  to  2063  eV.  Because  published,  values  far  these  eras*  sections  dif¬ 
fer  by  factara  af  two  to  three,*’ 3,8  an  effort  was  «*fle  to  eatablish  the 
accuracy  of  the  noaaurementa .  39l4-i  band  Jr  tensity  ima  measured  with 

two  independently  calibrated  photometers  and  a  scanning  spectrometer,  a 
comparison  of  equipment  and  Joint  Observations  vers  nade  with  experiment- 
era  from  two  other  labaraviries ,  The  cross  section  <*taiued  tor  the 
3914-A  band  at  95  eV  is  1.5  x  10***  and  that  at  2023  eV  Is  3.1  x 
10" 18  am*.  By  a  simple  calculation,  one  can  derive  a  corresponding  ef¬ 
ficiency  of  4.3  it- 10”3  far  the  production  of  the  39l4-i  bend  by  electrons 
In  sir.  The  excitation  cross  sections  sre  in  reasonable  agreement  with 
other  recent  measurements, 8  but  are  higher  than  sans  values  reported 
earlier  .***  The  calculated  efficiency  is  In  fair  agruevent  with  the  re¬ 
sults  of  laboratory  efficiency  measurements . xo’ 14 


OTRCOCCTIOH 

A  prominent  feature  of  the  emlsalon  spectnmi  of 
sir  or  nitrogen  ionized  by  electrons  is  the  3914- A 
p  0)  band  st  the  first  negative  system.  The 
probability  of  exciting  this  band  by  electrons  is  cf 
interest  in  the  study  cf  aurorae  and  related  atmos¬ 
pheric  phenomena  and,  in  this  laboratory,  as  part  of 
the  general  problem  cf  describing  the  excitation  of 
sir  by  pbotoelectrone  produced  by  thermal  x  rays 
from  nuclear  explosions.  The  excitation  probabili¬ 
ty  of  ttm  3914-1  band  baa  specific  Importance,  as 
well,  slime  observation  cf  this  band  la  the  basis 


of  the  las  Alamos  sir  fluorescence  system  far  de¬ 
tecting  nuclear  events.1 

Electron  excitation  cross  sections  for  the 
3914- i  band  wire  flrct  date  mined  by  Stewart,*  and 
subsequent  measurements  include  these  of  Sheridan, 
Oldetfcerg,  and  Car  Is  ton  j 3  Ifcyakawa  and  Hiahimur*;4 
Davidson  and  O’lteil;8  McConkay  and  Xa timer; 8  Srlvaj- 
tava  and  Hirza;7  and  McConkay,  Woolsey,  and  Burns.3 

Tbs  observations  of  Sheridan,  Olderfcerg,  end 
Car  lot  on3  covered  a  vide  electron  energy  nag e 
(about  25  eV  to1  28  ksV) .  Their  results  showed  good 
agreement  with  Stewart,*  Byakawa  end  Rlsblmura,4 
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and  Davidson  and  O’Nell9  In  their  c canon  energy 
range i .  The  cross  sections  of  McConkey  and  Iatl- 
mer,®  however,  were  a  factor  of  2  to  3  higher  than 
those  of  Stewart2  and  Sheridan  et  al.,3  it  the  same 
energy  range. 

The  difference  bet\*een  the  results  of  McConkey 
and  Latimer  and  those  reported  earlier  has  been  the 
subject  of  sene  discussion  In  the  literature.  Based 
In  part  on  the  cross  sections  of  McConkey  and  Lati¬ 
mer,®  Dalfprno,  La  timer,  and  McConkey9  ea  tins  ted  an 
efficiency  of  4.0  x  10* 3  rar  the  production  of 
3914-A.  hand  erergy  by  energetic  electrons  in  air, 

In  fair  agreement  with  tbs  efficiency  of  3.3  x  10* 3 
measured  far  75<*.eV  electrons  by  Ifertonan  and  Hoer- 
lin.10'* 

Cementing  on  the  note  of  Dalgarao  et  al.,  Da¬ 
vidson12  directed  attention  to  the  good  agreement  of 
the  ear  liar  cross- sect  ion  measurements.2" 3  He 
pointed  out  that  the  data  cf  McConkey  and  Latimer 
were  taken  with  an  Indirectly  calibrated  system, 
while  the  earlier  workers  used  standard  lamp  (photo¬ 
metric)  calibrations. 

McConkey,  Woolaey,  and  Bur-  „,®  to  check  the  va¬ 
lidity  of  the  technique  used  by  McConkey  and  Lati¬ 
mer,  nave  measured  3914-A  cross  sections  using  a 
standard  lamp  calibration.  They  Obtain  cross  sec¬ 
tions  In  good  agreement  with  those  of  McConkey  and 
Latlrer,  Support  far  the  "high"  vmluas  Is  also 
provided  by  the  recent  measurements  of  Srlvastave 
and  Mlrza.7 

In  this  laboratory,  experiments  have  been  In 
progress  to  measure  the  vacuum  ultraviolet  emission 
from  nitrogen  excited  by  an  electron  beam.  Concur¬ 
rent  with  these  measurements,  the  Intensity  of  light 
emitted  In  the  3914-1  band  was  measured,  and  excita¬ 
tion  cross  sections  were  determined  for  electrons 
with  energies  of  95  to  2023  eV.  Initial  veluss 
agreed  very  closely  with  the  results  of  McConkey 
and  la  timer.®  Because  of  the  Interest  In  a  precise 
determination  of  the  3914-1  band  cross  sections,  an 
effort  was  made  to  reduce  the  probability  of  error, 
particularly  that  which  might  arise  In  the  photo¬ 
metric  calibrations.  Hiltlple  observations  were 


•Hartman11  has  recently  repeated  this  measurement, 
Obtaining  an  efficiency  of  3*4  x  10* s. 


made  with  two  photometers  and  a  scanning  spectrome¬ 
ter,  calibrated  Independently  for  absolute  sensi¬ 
tivity.  The  proportionality  of  light  output  to 
beam  current  and  nitrogen  pressure  wee  checked  for 
seme  electron  energies.  intensities  of  the  r$2 
first  negative  (0,0),  (0,1),  (0,2),  and  (0,3)  bands 
were  compared. 

A  cross  check  of  pressure  gauges  and  photomet¬ 
ric  standards  was  p»r*c.Tned  with  R.  O'Neil  of  Amor 
can  Science  and  Engineering  (ASE)  and  N.  P.  Carleton 
of  the  Smithsonian  Astrophyslcal  Observatory.  Joint 
observations  with  O'Neil  of  the  3914-A  cross  section 
were  made  at  one  electron  energy,  using  our  electron 
beam  source. 

The  experimental  arrangements,  calibration 
techniques,  and  results  of  these  measurements  are 
descried  below. 

EXPERDCRBU.  HiOCEDUHE 

General 

The  experimental  procedure  was  straightforward. 

A  beam  of  electron!  was  directed  across  a  chamber 
through  which  nitrogen  was  flowing,  and  collected  on 
the  opposite  side.  Light  emitted  passed  through  a 
Fyrex  window,  and  itc  intensity  was  measured  with  a 
photometer  or  scanning  spectrometer.  Fran  the  In¬ 
tensity  of  emission,  beam  current,  and  gas  density, 
cross  sections  far  electron  excitation  were  deter¬ 
min'd. 

Apparatus 

Tbs  fun  and  collision  chambers  and  the  3914- A 
photometer  are  shown  In  Fig.  1,  as  viewed  from  the 
top.  The  chamber  Is  a  12-in.  cube,  Jhtheson  pre¬ 
pur  If  led  tfc  gas,  specification  99.996$  pure,  was 
admitted  through  a  needle  valve  at  the  top.  The  gas 
Inlet  was  baffled  by  a  l-in.-diam  plate,  l/4  in. 
free  the  opening.  Pressure  vas  regulated  by  the 
Inlet  valve  and  a  4- In. -d Ism  exhaust  valve  at  the 
bottom  of  the  chamber.  The  opening  to  the  exhaust 
valve  vac  baffled  by  a  10- In. -square  plate,  to  aid 
In  producing  a  uniform  gas  density,  Oun  and  colli¬ 
sion  chambers  were  each  equipped  with  a  720  liter /sec 
diffusion  puxp,  trapped  with  liquid  nitrogen.  low¬ 
est  pressure  obtained  with  no  gas  flowing  in  vas 


4 


about  2  x  10' '  Ibrr.  During  measurements  the  gas 
flow  rate  vas  of  the  order  of  0.03  Torr  -  liter /see. 
The  pressure  in  the  chamber  vas  monitored  with  an 
ionization  gauge  and  measured  with  a  McLeod  gauge, 
both  with  apertures  at  the  top  of  the  cfrufcer. 


3*14  1  photometer 


»lter 

PHOTOMULTIPLIER 

Fig.  1.  Collision  chamber . 

The  electron  beam  vas  produced  by  a  trlode  gun 
and  focused  by  an  electrostatic  Lena,  to  pass 
through  a  first  aperture  of  3/l6-in,  diam  and  a 
second  of  l/8-ln.  diem  into  the  chamber.  After 
traversing  the  chamber,  the  beam  passed  through  a 
l/2-in.  hole  in  a  grounded  plate  and  through  a  3  fk~ 
in.  hole  into  a  collector  cup,  8  in,  deep.  To  aid 
in  collection  of  electrons,  the  collector  cup  was 
normally  held  at  5  to  7  V  positive,  and  at  the  back 
had  a  plate  biased  at  +  4$  V.  The  beam  current  vaj 
measured  at  the  collector  and  at  an  auxiliary  cup 
which  could  be  swung  in  front  off  the  gun  part. 

Collision  chamber,  gun,  tad  collection  assem¬ 
blies  were  made  at  nonsagnetic  rate  rials.  The  local 
magnetic  field  was  initially  about  0.6  0,  and  ap¬ 
prox  imateiy  perpendicular  to  the  beam.  Two  4-ft- 
dlam  coils  were  placed  with  planes  at  right  angles 


to  each  other  Intersecting  on  the  beam  axis.  Ad¬ 
justing  the  current  in  these  coils  reduced  the  mag¬ 
netic  fields  in  the  collision  chamber  to  <  0.1  0. 
so  that  the  beam  traversed  the  chamber  without  no¬ 
ticeable  bending. 

The  photometer  collimator  was  a  cylindrical 
tube  with  two  • ectangular  apertures  defining  the 
field  of  view.  In  the  first  colliimtor  used,  the 
front  aperture  was  l/2  in.  square,  the  beck  l/8  in. 
square.  The  two  were  12  in.  apart.  Mounted  behind 
the  back  aperture  vat  a  3914-] l  interference  filter 
and  an  EMI  6097s  photomultiplier.  A  second  photom¬ 
eter  used  was  very  similar  to  the  one  described. 

The  spectrometer  was  a  half-meter  Jarre 11- Ash 
Ebert  scanning  monochr orator,  with  600  tfnm  grating 
blazed  for  7500  k.  An  EMI  6097s  photomultiplier  was 
mounted  at  the  -xit  slit. 

For  both  the  spectrometer  and  photometer,  tube 
current*  were  measured  with  a  Kelthly  610  electrom¬ 
eter. 

Observational  Arrangements 

The  photometer  was  placed  vlth  its  axis  perpen¬ 
dicular  to  the  beam,  and  vlth  two  sides  at  eacl 
aperture  parallel  to  the  beam.  The  rectangular  cone 
viewed  by  the  photometer  m  about  1  in.  wide  at  the 
beam.  The  cone  extended  into  a  recess  at  the  oppo¬ 
site  aide  of  tbs  chamber  which  was  provided  for 
attachment  of  a  vacuus  ultraviolet  spectrometer,  but 
which  vas  terminated  by  a  black  piste  during  cross- 
section  measurements. 

In  the  measurements  made  vlth  the  Ebei -  spec¬ 
trometer,  the  light  emerglrg  through  the  Fyrex  win¬ 
dow  vas  focused  on  the  entrance  slit  of  the  spec¬ 
tra*  tt  r  by  a  6- in.  spherical  mirror  with  1-m  radius 
of  curvature.  Distance  from  beam  to  mirror  was  78.5 
in.,  aid  that  from  mirror  to  spectrometer  26.5  In. 
The  angle  between  incident  and  reflected  beam  was 
about  .  The  image  of  the  beam  vas  perpendicular 
to  the  entrance  slit. 

Photometer  Calibrations 

TVo  methods  were  'med  to  calibrate  photomulti¬ 
pliers  for  the  3914-^  photometer. 
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In  the  first  method,  the  tube  sensitivity  was 
determined  by  comparing  its  response  to  monochromat¬ 
ic  light  vltl  ’■'at  of  a  thermopile  which  lad  been 
calibrated  vith  an  IBS  total  irradiance  standard. 

The  comparison  was  indirect.  Light  from  a  htrkln- 
E  liner  double  me  noc  hr  cm*  tor  was  passed  through  a 
glass  plate  set  at  45°  to  the  axis  ard  focused  on 
the  thermopile.  The  light  diverted  by  the  plate 
struck  a  frosted  glass  window  behind  which  was  a 
lKfl  photomultiplier.  The  ratio  of  lP2fl  signal  to 
power  measured  by  the  thermopile  was  determined. 

The  intensity  was  reduced,  and  the  therr.op.le  re¬ 
placed  by  the  tube  to  be  calibrated.  The  sensitivi¬ 
ty  of  the  tube  is  the  ratio  of  its  current  to  the 
team  power  as  determined  from  the  1P28  signal.  The 
sensitivity  at  3914  A  obtained  with  the  tube  used  l.i 
photometer  Ho.  1,  EMI  6097s  #23873,  was  1.31  x  103 
A/W  at  750  V. 

In  the  second  method,  the  assembled  photometer, 
i.e.,  the  photomultiplier  snd  nterference  filter 
mounted  in  the  collimator  tube,  was  exposed  to  fil¬ 
tered  light  from  an  ICS  spectral  Irradiance  stand¬ 
ard.  The  external  filters  vere  a  neutral  density 
filter  to  reduce  intensity,  and  a  Corning  5113  fil¬ 
ter  to  block  the  red  leak  of  the  interference  fil- 
»» 

ter. 

Fran  the  output  signal,  filter  transmission 
curves,  and  lamp  characteristics,  the  tube  aensitiv- 
ty  at  3914  A  was  determined.  For  the  tube  used  in 
photometer  Ho.  2,  SMI  60975  #16747,  the  sensitivity 
at  3914  !  as  determined  by  the  first  method  was 
420  A/u,  and  that  determined  by  the  second  method, 
390  A^J,  at  750  V.  The  mean,  405  a/»,  vac  used  in 
data  reduction. 

To  complete  ths  photometer  calibration,  the  ef¬ 
fective  transmission  of  the  interference  filter  for 

the  3914-1  bend,  T  ,  was  calculated  frat  the  fil- 
eff 

ter  transmission  and  a  band  contour  calculated  as¬ 
suming  s  rotational  temperature  of  298s  K.  The  two 
5914- i  filters  used  were  nearly  identical  Each  has 


•This  measurement  was  performed  by  Walter  Gould  of 
this  laboratory. 

**Durim  croes-section  observations,  a  Corning  3309 
filter  which  cuts  off  wavelengths  below  4000  A  was 
used  to  check  for  a  red  contribution  to  the  sig¬ 
nal.  None  ws  observed. 


s  peak  transmission  of  about  O.i  at  3913  A,  and  a 
half-width  cf  ~  14  A.  For  each,  T  ^  ■  0.313* 
Transmissions  of  all  filters  were  measured  vith  a 
Cary  Model  14  spectrometer.  The  maxlmun  divergence 
of  tie  light  from  the  axis  of  the  spectrometer  beam 
was  estimated  at  2,5°. 

Spectrometer  Calibration 

For  the  calibration  of  the  Ebert  spectrometer, 
the  ribuon  filamen*  vf  a  standard  lamp  wes  placed, 
relative  to  the  spectrometer  and  mirror,  at  the  same 
position  occupied  by  the  electron  beam  in  the  cross- 
section  measurements.  Entrance  and  exit  slits  wen? 
100  wide,  and  were  masked  to  heights  off  ~  2  and  4 
ma,  respectively.  The  image  of  the  filament  filled 
the  entrance  aperture.  The  current  from  the  photo¬ 
multiplier  tube  was  recorded  while  the  spectrometer 
was  scanned  from  3000  to  12,000  A.  The  first  and 
second  orders  appeared  as  two  overlapping  "hurnpc , " 
peaking  at  -  5 000  A  in  the  first  order  and  -  4000  A 
lr  the  1  econd.  Four  runs  were  made,  using  tvi 
standard  lamps. 

For  the  first  two  scans,  NBS  brightness  temper¬ 
ature  standard  lamp  Ho.  G-23155«  was  operated  at 
brightness  temperatures  of  2?0C P  and  260Cf  K.  The 
spectral  radiance  for  the  two  temperatures  had  been 
calculated  using  the  tungsten  emissivity  data  cf 
de  Vos13  and  taking  into  account  the  quartz  window 
off  the 

Two  scans  were  made  with  lamp  Ifo.  U-lll,  an  NBS 
spectral  radiance  standard,  operated  at  35*0  A 
(~  226cf  K  brightness) .  During  one  run,  a  Corning 
3389  filter  was  inserted  to  cut  off  light  below 
4000  A.  a  comparison  off  results  obtained  with  and 
without  filter  Indicated  that  the  contribution  to 
the  signal  in  the  range  3''50  to  4000  A  from  scat¬ 
tered  light  with  wavelength  gre'  ter  than  4000  A  was 
negligible.  Also,  in  the  second  order  above  3750  A, 
the  first-order  contribution  to  the  signal  could  be 
neglected. 

The  spectrometer  sensitivity,  expressed  as  the 
ratio  of  photomultiplier  signal  i^  (A)  to  the  prod- 
uct  of  lamp  radiance  (W  cm*2  ster*1  A*1)  and  the 
entrance  slit  height  hn  (cm),  ir  shown  in  Fig.  2. 

The  two  runs  with  lamp  0»25i5^  •  had  s  maviimgn  spread 
of  6$  and  an  average  spread  sf  2^.  Their  mean  ia 
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the  solid  lim  In  ths  figure.  The  bisck  dots  repre¬ 
sent  the  values  Obtained  with  lamp  will,  date  rained 
at  ths  NBS  calibration  poi.ita. 

Pressure  Measurement 

Pressure  In  tb*  collision  chamber  was  assured 
with  a  Consolidated  Vacuum  Corporation  OM-110  McLeod 
gauge,  trapped  ulth  dry  Ice.  PrCblsas  arising  with 
such  a  system  have  been  reviewed  by  Carr.*4 

Hie  conventional  way  ctf  operating  the  gauge  say 
produce  wrong  pressure  readings  If  the  surface  char¬ 
acteristics  of  the  open  and  closed  capillaries  arc 
different.  In  the  method  used,  the  open  capillary 
was  Ignored,  and  the  level  of  ths  mercury  In  the 
large,  open  aide  arm  was  used  for  reference.  1 he 
capillary  depression  was  measured  at  low  pressure, 
as  a  function  of  the  mercury  level  In  the  closed 
capillary.  In  each  pressure  measurement,  the  com¬ 
pression  was  varied  to  produce  several  pressure 
readings,  as  In  the  method  of  Podgurakl  and  Darla . 18 
The  readings  at  each  pressure  usually  agreed  within 


2  tc  3  f,  for 

3. OH  M|. 


ureaants  In  the  range  0.05  to 


•  •  LAMS  U-lll 

J _ L 


4000  1000  sooo 

WAVELENGTH  (A) 

Pig.  £.  Spectral  sensitivity  of  the  Ebert  monochro¬ 
mator  with  EMI  60970  photomultiplier  oper¬ 
ated  at  750  V.  Slit  .Id ths,  100  H. 


At  ths  lower  end  of  ths  renge,  appreciable 
error  can  ha  caused  by  tha  diffusion  of  mercury  from 
gauge  to  cold  trap.14  To  reduce  the  vapor  pressure 
and  mke  this  error  negligible ,  the  McLeod  gauge  was 
operated  at  0°  C.  This  made  necessary  a  thermal 
transpiration  correction  of  (298/273) 1/8  *  1.045  to 
tie  measured  pressure. 


Beam-Current  Measurement 

At  the  pressure  (~  0.5  H)  of  the  energy-depend¬ 


ence  measure*. ntc,  beam  currents  measured  at  the  en¬ 
trance  and  exit  collectors  A  greet  within  1  to  25  for 
electron  energy  above  200  eV.  The  entrance  collec¬ 
tor  currant  was  noraally  about  6  to  65  higher  for 
200-eV  and  10  to  125  higher  for  100-eV  electron,  at 
this  pressure .  This  must,  In  part,  leva  been  due  to 
scattering  out  of  the  boas  In  the  long  (30- cm)  path. 
At  low  pressure,  ~  0.13  H,  the  agreements  at  100  eV 
and  200  eV  were  ~  55  and  ~  35,  respectively.  Since 
the  entrance  and  exit  collector  currents  represent 
the  aaxlsnxs  and  mlnlmvai  mesber  of  electrons  crossing 
the  defect: r  field  of  view,  the  mean  of  the  two  cur¬ 
rent  readings  always  was  used  in  the  calculations. 

Electron  Energy 

Da  electron  energy  was  assured  to  be  equal  to 
ths  accelerating  voltage,  measured  between  the  cham¬ 
ber  and  the  gun  filament  leads.  A  crude  retarding 
potential  analysis  made  at  low  pressure,  with  20 
if la  screens  over  ths  apertures  of  the  collector  cup 
and  shielding  plate,  Indicated  energy  spreads  of  3, 
4,  5,  and  10  0 V  for  accelerating  voltages  of  95, 

399,  704,  and  1008  V,  respectively.  At  the  prea- 
aureo  of  the  cross -sect ion  measurements ,  there  Is 
sew  electron  energy  loea  by  collisions.  The  energy 
loss  Is  not  expected  to  change  the  light  output 
significantly,  Ths  collie  lor*  may  remove  electrons 
from  tbs  field  cf  view,  as  Indicated  above, 

OBSERVATION  AMD  RESULTS 

Ihot  erne  ter  Measurements 

Tor  the  Observations  ,ith  the  photometers,  the 
cross  section  Q  (css8)  fs.  -xciting  the  3914-1  band 


croaa 
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1*  given  by 

1  4n  R2 

Q  ■  -  , 

ME.  UATT„S. 

X  v  eff  X 

vbere 

i  ■  photomultiplier  anode  cui.ent  (A) 

R  -  diet* nee  from  beam  to  back  aperture  (cml 
I  -  beam  -.^  rent  XA) 

N  -  rrunber  density  (cm"3) 

-  energy  of  the  photons  21  3.17  eV 

M  m  length  of  beam  "seen"  by  s  point  on  the 
back  aperture  (an) 

A  ■  ares  of  the  back  aperture  (cij2) 

Ty  ■  lyrex  window  transmission  *>  0.?2 

T  -  effective  transmission  of  the  interference 
filter  for  the  3914-Jl  ban!  -  O.313 

f  “  tube  sensitivity  near  3914  i  (a/w) 

Data  and  crone  sections  are  presented  below  fo  en¬ 
ergy-dependence  measurements  with  two  photometers . 
For  observations  with  photometer  No,  1, 

R  -  51*0  cm 

N  -  P  lil  Hg)  X  3.22  x  1013 
M  -  2.13  cm 
A  -  0.1008  cm2 

S.  -  1.31  »  103  A/W  st  3914  Jl  (60975  #23073  at 
K  700  v) 

Q  (cm2)-  Y 7~Ay )  x  3-55  *  10‘w 
Results  are  shown  in  Table  I. 

Table  I.  Energy  Dependence  of  3914-1  Cross 
Sections  with  Photometer  No.  1 


Electron 

Energy 

(eV) 

Nitrogen 

Pressure 

P(H  Hg) 

Beam 

Current 

l(mA) 

Tube  Cross 

Cvxrent  Sections 

' ( 10' ®A)  Q( 10* 17cm2 

95 

0.44 

O.075 

0.124 

1.48 

196 

0.44 

0.215 

0.325 

1.36 

501 

0.44 

0.605 

0.60 

0,89 

907 

0.44 

1,06 

0.68 

0.57 

1820 

0.44 

1.65 

0.63 

0.34 

Using  photometer  No.  1,  the  591U-X  light  output 
from  90>eV  electrons  was  observed  while  preisure 
was  held  at  0.l4  pi  Kg  and  the  pas  flow  rate  i*s  var¬ 
ied  by  first  fully  opening  the  exhaust  valve,  than 
cloair^  ic  'until  the  0-ringf  ouched  the  sealing 
surface.  The  excitation  cross  section  did  not 
change.  At  electron  eiergies  of  197  and  907  eV,  anl 


pressure  -  0.5  n  Hg,  the  collector  cup  bias  was  var¬ 
ied  from  5  to  22  eV.  No  change  in  3914-"  light 
output  was  observed. 

For  observations  with  photometer  No.  2, 

R  -  71.C  cm 

N  -  P  (pi  Hg)  x  3.22  x  1013 
tJ,  -  2 .56  cm 
A  -  .0495  cm2 

-  4CK  //W  (6097S  #16747  at  750  v; 

«  :cm2)-  1  (A)  pt)  *  4‘3°  *  10'1X 

Rt  uults  are  shown  in  Table  II. 


Table  H.  Energy  Dependence  of  3914-1  C-.-oes 
Sections  with  Photometer  No.  2 

Electron  Nitrogen  Beam  Tube  Ones 

Etxsrgy  Pressure  Current  Current  Sections 
(eV)  P(u  Hg)  I(mA)  i(10‘loA)  QflO*17  cm2) 

95 

0.44 

0.058 

O.O91 

1.55 

196 

0.44 

0.170 

0.227 

1.30 

399 

0.44 

0.36 

0.377 

0.98 

501 

0.52 

0.80 

0.8l 

0.84 

002 

0.44 

0,43 

0.526 

0.75 

907 

0.44 

1.01 

0.57 

0.55 

1211 

0.44 

c.  02 

0.94 

0.45 

1516 

0.44 

2.02 

0.80 

0.39 

1820 

0.44 

2.5C 

0.84 

0.35 

2023 

0.44 

3.02 

0.97 

O.31 

With  photometer  No. 

,  2,  pressure  dependence 

1  was 

observed 

at  electron  energies 

of  196,  501, 

907,  *nd 

1820  eV.  Light  output  was  proportional  to  Ns  pres¬ 
sure  over  the  rsnge  0.1  to  1.0  p  Hg. 

Spectrometer  Measurements 

beam  current  and  pressure  held  constant, 
the  signal  from  the  photomultiplier  tube  at  the  exit 
slit  was  recorded,  while  the  spectrometer  scanned 
Bv-ross  the  391**-^  be,.?.  Though  the  rotational  lines 
were  not  reserved,  the  bend  contours  appeared  "nor¬ 
mal,"  i.e.,  about  as  expected  for  thermal  equilibri¬ 
um  near  room  temperature.  The  3S84-A  (1,1)  first 
ne^tive  bind  is  resolved,  and  appears  to  be  ~  5$ 
of  the  3914-A  bind  intensity.  Its  contribution  to 
the  photometer  signals  must  be  less  than  1$, 

The  photomultiplier  signal,  integrated  over 
wvelength  across  the  band,  can  be  related  to  the 
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excitation  cross  section  toy  the  equation 


current  .  cm  0.02-  to  2,0-aA  toeem  current 


tt\*.  h  «*  “0wx 

where  1,  N,  E^,  end  Ty  have  the  sane  significance  as 
above,  and  vhere 

J  «  spectrcmeter  signal  Integrated  over  the 
hand  (A- A) 

k  ~v~  ■.  spectrcmeter  sensitivity,  as  ohovn  In 
\  hn  Pig.  2. 

Ri  ■  distance,  beam  to  mirror  ■  78,5  a 

R2  “  distance,  mirror  to  slit  ■  26.5  cm 

W  ,  W°  -  entrance  and  exit  slit  vldtte  In  the  cali¬ 
bration  -  100  u 

W  ,  W  m  slit  v  id  tbs  In  the  Observation  ■  100  or 
n  x  200  n 

Results  at  the  spectrometer  observations  for  the 
3914-A  hand  are  shown  In  Table  TTT.  Per  these  Ob¬ 
servations 

-  3.17  eV, 

■  200  u, 

■  2.02  x  10-a  (3914  A,  second  order) . 


The  croea  section 

J  (A-A) 

q  .  -  x  3.52  x  10'“  (cm*) . 

I  (A)  F  (m) 


Table  UI.  Energy  Dependence  of  tbs  3914-A  Band 
Cross  Sections  with  Scanning  Spectrcmeter 


Electron 

Energy 

(eV) 

Nitrogen 
Pressure 
P(U  Hg) 

Beam 

Current 

1(«A) 

Integrated  Cross 

Signal  ,  Sections 
jdO^A®  A-A)q(10"17  cm8) 

95 

0.43 

0.070 

1.28 

1.50 

196 

0.50 

0.21 

3.72 

1.25 

501 

0.43 

0.55 

5.82 

0.86 

907 

0.43 

1.36 

9.06 

0.54 

1820 

C.50 

2.55 

11.50 

0.32 

2023 

0.43 

2.19 

7.92 

0.30 

With  the  e canning  spectrometer,  tbs  dependence 
on  beam  current  of  the  Integral  over  the  3914-A  bend 
wee  Observed  for  907-eV  electron  energy  and  0,56+1 
pressure.  The  band  Intensity  was  proportional  to 


At  the  same  energy  (907  eV)  and  pressure 
(0.5611),  the  cross  sections  for  other  v»  ■  0 
riret  negative  hands  were  determined.  They  are:  ( 

(0,1)  U78  A  1.8  X  l0-«  cm* , 

(C  2)  1»709  A  4.1  x  10  19  ca9, 

(0,3)  522 R  A  7.0  x  io"*°  as8. 

Smeary  and  Caamenta 

The  pressure  and  current  dependence  Indicate  no 
appreciable  contribution  from  secondary  processes. 
There  la  no  Indication  In  the  spectral  observations 
of  a  contribution  at  3914  A  due  to  features  other 
tlmn  the  (0,0)  hand.  The  relative  emission  probabi¬ 
lities  of  the  (0,0),  (0,1),  (0,2),  and  (0,3)  bandr, 
measured  prlamrily  as  a  check  on  the  spectrometer 
calibration,  were  1.00,  O.33,  O.O75,  and  0.013,  In 
agreement  with  values  of  .00,  O.35,  O.08,  and  0.01 
derived  from  the  data  at  Wallace  and  Nlcholls.1® 

The  electron  '*  1  tat  ion  cjoes-sectlon  data  for 
the  391A-A  band  of  the  N*  first  negative  system  are 
collected  and  averaged  In  Thble  IV. 


sable  IV.  3914- A  Band  Electron  Excitation 
Cross  Sections  ( 10“ 17  cm8) 


Electron 

Energy 

(eV) 

Pholcmeters 

Bo.  1  Bo.  2 

Spectrcmeter 

Average 

95 

1.48  I.53 

1.50 

1.50 

196 

1.3^  1.30 

1.25 

1.30 

399 

0.98 

0.98 

501 

0.89  0.84 

0.86 

0.86 

602 

0.75 

0.75 

907 

0.5,  0.55 

0.54 

0.^5 

1211 

0.45 

0.45 

1516 

0.39 

0.39 

1020 

0.34  0.33 

0.32 

0.33 

2023 

0.31 

0.30 

v.31 

It  Is  worth  mentioning  that  Initial  values,  which 
received  limited  circulation  in  a  preliminary  re¬ 
port,  were  about  15)1  higher  than  those  presented 
hers.  The  difference  was  evidently  due  partly  to  a 
poor  photometric  calibration  in  the  Initial  measure¬ 
ments,  but  ~  5 i  contribution  wee  dim  to  light  scat¬ 
tered  fran  the  slit  body  of  an  u.tra  violet  spectrcm¬ 
eter. 
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Xhe  agreement  among  the  tl*ree  sets  of  values 
in  "able  IV  Is  better  *  an  that  of  all  numbers  ob¬ 
tained.  Maximum  "scatter"  in  measurements  (includ¬ 
ing  pressure  and  current  dependence)  with  all  in¬ 
struments  was  about  ±  10$  of  the  average  values 
shown.  The  absolute  accuracy  estimated  for  the 
measurement  of  3914-*.  band  intensity  is  ±  6$.  The 
same  accuracy  is  claimed  for  the  pressure  measure¬ 
ment.  The  beam  current  is  thought  to  be  accurately 
measured  to  within  i  2$  for  electron  energies  above 
20o  eV,  -  4$  near  200  eV,  and  ±  6$  near  100  eV.  A 
conservative  estimate  for  the  maximum  uncertainty  is 
thus  1  20$  below  200  eV  and  ±  15$  above  200  eV. 

Comparison  with  Other  Experiments 

Hie  ratio  of  the  tfe  tots' -ionization  cross  sec¬ 
tions  to  the  3914  .j.  cross  s<-  -ions  is  of  some  inter¬ 
est.  This  ratio  is  thought  to  be  constant  over  a 
wide  energy  range,  other  cross-section  measurements 
indicate  neaily  constant  ratios  within  various  ener¬ 
gy  intervals  ranging  from  50  e/  to  20  keV,Sl  7"9’ 12 
though  the  actual  magnitude  of  the  ratios  depends  on 
which  set  of  ionization  anf  excitation  cross  sec¬ 
tions  are  used. 

In  Table  V,  the  ratios  of  ffe  ionization  cross 
sections  of  Tate  and  Smith17  (IB),  Rapp  and  England¬ 
er-Golden18  (.E) ,  and  Schram,  de  Heer,  van  der  Wiel, 
and  Kistemaker19  (Slfl/K)  to  the  3914- A  cross  sections 
from  Table  IV  are  shown.  The  excitation  and  ion¬ 
ization  cross  sections  arc  in  conatant  proportion 
within  about  1  5$  over  the  range  100  to  2000  eV. 
Provided  the  proportionality  extends  to  higher  ener¬ 
gy,  one  can  compare  the  excitation  cross  sections  in 
Table  IV  with  others  obtained  at  higher  energy  by 
ccr-.parlng  their  magnitudes  relative  to  the  ioniza¬ 
tion  crot.3  sections. 

Ratios  such  as  those  in  Table  V  are  sometimes 
used,  with  the  average  electron  energy  loss  per  ni¬ 
trogen  ion  (generally  taken  as  35  eV)  to  calculate 
efficiencies  for  the  production  of  3914- A  photons 
when  energetic  electrons  "run  down"  in  nitrogen  or 
air  (see,  for  example,  Refs.  9  and  12).  Making  the 
usual  assumptions ,  values  obtained  for  the  3914-1 
efficiency  In  air  baaed  on  averages  in  Table  V  are, 
respectively,  3.8  x  10"3  (IS),  4,2  >'•  lCf3  (RE),  and 


Table  V.  Ratio  of  Kg  Total  Ionization  Crose  Sections 
to  39l4-iv  Excitation  Cross  Sections 

Ratio 


Energy 

(eV) 

OB17 

II 

SHWK19 

95 

19.2 

16.7 

196 

19.7 

17.6 

399 

10.6 

16.9 

501 

18.1 

16.9 

602 

10.3 

17.2 

15.3 

907 

17.6 

15.3 

1211 

15.1 

1516 

14.6 

1020 

15.2 

2023 

14.8 

Averages 

18.  e 

17.2 

15.0 

4.8  x  10*3  (SHWK).  The  mean  is  4.3  x  10*3  which  may 
be  compared  with  the  value  3.4  ”  10*3  measured  by 
Hartman  and  Koerlln10  at  this  laboratory  and  recent¬ 
ly  confirmed  by  Hartman.11  One  may  note  also  that 
a  most  probable  3914-A  fluorescence  efficiency  of  1^ 
was  derived  by  Bennett20  and  Hoerlln21  from  observa¬ 
tions  of  the  emission  produced  by  x  rays  from  high 
altitude  nuclear  exploeions. 

TJy  calculation  for  the  efficiency  derived 
from  laboratory  data  uses  measured  values  of  ion¬ 
ization  efficiency  and  Ionization  crosa  sections, 
as  well  as  the  3914-A  excitation  cross  sections, 
all  of  which  have  some  uncertainty.  It  is  based  on 
the  assumption  that  the  ratio  of  the  number  of 
nitrogen  ions  to  the  number  of  3914--  photons  pro¬ 
duced  is  independent  of  the  enerjy  of  exciting 
electrons  over  the  important  energy  range.  While 
one  must  therefore  not  give  too  much  weight  to  the 
calculated  efficiency,  it  is  in  fair  agreement 
with  the  efficiency  measured  in  the  laboratory. 

With  same  reservation,  this  may  be  taken  as  a  con¬ 
firmation  that  In  the  laboratory  efficiency  exper¬ 
iment  each  excitation  of  the  parent  state  of  the 
39l4-»  band  is  produced  by  a  single  collision  of  an 
electron  with  tfe  in  the  ground  state.  With  similar 
reservation,  one  may  conclude  that  the  efficiency 
in  the  high  altit  ’.e  explosions  is  higher  due  to  ex¬ 
citation  by  other  processes.  This  is  presumably 
because  such  a  large  air  mess  is  excited  by  the 
explosion  and  because  so  much  energy  is  deposited 
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ELECTRON  ENERGY  («V  ) 

Fig.  3.  Comparison  of  3914-^  excitation  cross  sections  with  those  reported  by  others  (Refs.  2-4,  (L8), 


so  rapidly  that  other  processes  are  more  important 
than  In  the  laboratory  experiment. 

The  3914- A  cross  sections  are  compared  with  re¬ 
sults  of  other  cross-section  measurements  In  Tig.  3. 
The  agreement  with  Srlvaatava  and  Mina7  la  good; 
the  difference  Is  less  than  15^  ir.  the  coesoon  energy 
range.  The  agreement  with  McConkay  and  Latimar"  Is 
very  good  In  the  narrow  range  of  overlap.  The  later 
work  of  McConkay,  Woolasy,  and  Burns8  Is  also  ir. 
good  agreement  with  ours.  Tbs  difference  between  the 
present  results  ard  those  of  Stewart;8  Sheridan, 
Olderberg,  and  Carletonj9  and  Jfcyakawe  and  Mshiaura4 
Is  considerable.  Our  values  am  greater  by  ratios 
of  1.5  to  3. 

Published  cross  sections  of  Davidson  and  O’Bsll9 
are  In  agreement  with  Sheridan  et  al.,3  and,  by  In¬ 
ference,  also  In  disagreement  wltlt  the  values  in 
Dabbs  IV.  Results  cf  s  recent  measurement  by  O’Heil 
and  Oarleton  will  be  discussed  briefly  In  the  next 
section. 

gross  Checks 

After  our  Initial  measurements,  the  disagree¬ 


ment  with  the  early  work  was  discussed  with  Dr. 

N.  P.  Oarleton  of  the  Smithsonian  Aatropfaysloal  Ob¬ 
servatory,  who  participated  In  on'  of  the  earlier 
experiments. 3  It  was  partly  because  of  his  sugges¬ 
tions  that  additional  photons  ter  calibrations  were 
performed  and  spectrometer  measurements  were  made. 

Be  also  suggested  that  we  compere  equipment  In  the 
hope  of  resolving  the  difference  In  our  results. 

Mr.  R.  O’ Hell  of  American  Science  and  Engineering 
expressed  Interest  In  an  exchange  for  similar  rea¬ 
sons  .  After  the  measurements  described  above.  Joint 
cross-check  measurements  with  O’Hell  end  Carleton 
were  undertaken, 

Oarleton  and  O'Rsll  ascertained  that  their  re- 
41  one  try  standards  were  In  agreement,  and  compered 
pressure  gauges.  O’ Sell  visited  IASL  brliging 
far le ton’ a  Plrani  gauge,  an  IBS-calibrated  iy rem¬ 
oter  used  at  ASE,  same  asm  11  standard  apertures, 
and  a  photcmultipliar  and  3914- X  interference  filter 
to  construct  a  photometer.  We  cooperated  In  the 
following  measurements . 
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The  P Irani  gauge  was  calibrated  with  our  McLeod 
(jr.uge  at  3.19  and  1.39  H  Hg.  The  two  previous  cali¬ 
brations  of  the  gai^jc  in  Massachusetts  had  indicated 
pressures  4$  and  10$  higher  (O'Neil)  and  13$  and  19$ 
higher  (Carleton),  respectively,  than  the  McLeod 
pauge. 

The  pyrometer  was  checked  against  our  bright¬ 
ness  temperature  standard  lamp  G-25155*  (the  lamp 
used  in  the  spectrometer  calibration) .  For  read¬ 
ings  in  the  range  2100  to  2400°  K,  the  pyrometer  con¬ 
sistently  indicated  temperatures  10°  to  15°  higher 
than  those  derived  fran  the  lamp  calibration,  cor¬ 
responding  to  8  to  12$  higher  radiance  at  3914  A. 

In  O'Neil's  photometer  calibration  method,  the 
3914-A  photometer  looks  at  a  small  aperture  of  known 
area,  behind  which  is  the  ribbon  filament  of  a  tung¬ 
sten  lamp.  The  filament  temperature  is  measured  by 
the  pyrometer,  and  the  radiant  flux  at  the  photom¬ 
eter  is  calculated.  From  the  photometer  signal  and 
the  filter  transmission,  the  sensitivity  far  the 
3914- A  band  is  determined.  A  similar  calibration 
was  performed  far  photometer  No.  1  and  O'Neil's 
photometer,  except  that  the  lamp  temperature  was  de¬ 
termined  by  setting  the  current.  The  calibration 
was  based  primarily  on  measurements  at  2200°  K 
(brightness) .  The  sensitivity  of  the  tube  in  pho¬ 
tometer  No.  1  wae  1.37  x  103  a/w  at  3914  K  In  good 
agreement  with  the  value  of  1.31  *  103  a/w  obtained 
by  another  method. 

The  two  photometers  were  used  to  make  a  3914- A 
crooa-aection  measurement  at  9°7-eV  electron  energy, 
and  1,39  u  pressure  (determined  by  setting  an  ioni¬ 
zation  gauge  at  the  reading  recorded  during  the  Pi- 
rani  gauge  calibration) .  Results  with  the  ASE  pho¬ 
tometer  and  photometer  No.  1  were,  respectively,  4,6 
x  10  ^8  an2  and  4,9  ■<  10" 12  cm2,  using  the  callbra. 
tiora  Just  obtained.  Using  the  original  calibration 
of  photometer  No.  1,  the  croea  section  would  be  5.1 
x  10* xo  an2.  The  IASL  average  value  at  907  eV  is 

5.5  X  10" 18  cm2. 

Apparently,  if  the  Pirani  gauge  with  the  ASE 
calibration  had  been  used  to  measure  pressure,  and 
the  pyrometer  hid  been  used  to  measure  temperature 
in  the  photometer  calibration,  the  ASE  photometer 
would  have  indicated  about  the  same  c ru,j  section  nf 

4.6  x  10" 18  can2;  thus,  the  difference  in  cress  sec¬ 


tions  should  indicate  the  net  difference  introduced 
by  radiemetry  and  presaure-gauge  calibrations  at 
IASL  and  ASE,  no  mare  than  10  to  15$.  The  pressure- 
gauge  calibration  might  explain  a  difference  of  20$ 
between  our  results  and  those  of  Carleton. 

O'Neil  and  Carleton22  have  recently  made  obser¬ 
vations  on  the  3914-A  emission  produced  by  8-  and 
50-  keV  electrons.  Further  observations  are  neces¬ 
sary  to  reach  firm  conclusions;  however,  these  pre¬ 
liminary  measurements  indicate  cross  sections  appre¬ 
ciably  higher  than  those  obtained  in  the  older  meas¬ 
urements  with  the  same  electron  energies,5'3  and 
more  nearly  consistent  with  cross  sections  measured 
here  at  lower  energies. 

CONCLUSIONS 

The  IASL  meesurements,  together  with  those  of 
Srivastava  and  Mirza,7  McConkey  et  al.,8'8  and  the 
observations  of  O'Neil  and  Carleton,22  provide  con¬ 
siderable  evidence  that  the  3914-A  electron  excita¬ 
tion  cross  sections  are  higher  than  the  values  ob¬ 
tained  in  the  earlier  experiments. 2"s  The  reproduci¬ 
bility  of  results  obtained  here  under  a  variety  of 
conditions,  and  using  different  photometric  tech¬ 
niques,  allows  some  confidence  that  the  cross  sec¬ 
tions  presented  are  correct  within  the  quoted  accu¬ 
racy. 
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